This study proposes a thermal sensibility haptic system that can be used in the VR environment to stimulate multiple sensory receptors. In addition, the object can be distinguished through the touch if it is reproduced by adjusting the intensity of the stimulus based on the intrinsic thermal energy and surface curvature of the object.
Introduction
The modern VR HMD, Visually and acoustically developed provides high resolution visual feedback and 3d surround auditory feedback, providing a realistic sense of real life and illusion. However, tactile feedback provided by haptic devices is not enough to present a realistic sense. The human somatosensory system is a complex system. Depending on the stimulus, it can be divided into thalposis, pressure sense, sense of pain, and proprioception, and it is recognized through the receptor corresponding to each stimulus [Robles-De-La-Torre, 2006] .
In this poster, we propose a thermal sensibility haptic feedback system for objects that can be reproduced in a virtual reality portable environment.
Approach

Thermal Cues
In everyday experience, materials such as metals feel colder than materials of nonmetals. According to Lynette A. Jones's study, objects can be distinguished by thermal cues with cold and different expressions that feel differently in different materials [Jones, 2003] . In order to reproduce the thermal cues of an object, it is necessary to know the contact coefficient and the contact temperature of the user's hand and the object [Mills, 1999] .
This study was conducted with four materials: acrylic, oak, paulownia coreana and aluminum. First, we measured the rate of change of the hand surface temperature per second while touching each material and generalized it by exponential function graph through Newton's law of cooling.
Figure 1: The surface of the user's hand changes over time while touching Acrylic, oak, paulownia coreana and aluminum
All four materials showed graphs in order according to the size of the contact coefficient. In the case of aluminum which lost the most thermal energy, the contact coefficient was the highest as 15 / 2 0.5 and the acrylic contact coefficient was the lowest as 0.77 / 2 0.5 . The greater the temperature difference, the greater the energy difference than the difference shown in the graph, since the value of the lost energy increases with an exponential function. If you look at Acrylic or Paulownia coreana in Figure 1 , you'll see a graph that decreases over time and then rises over time. Heat energy is lost by the contact coefficient of the object, but rises again by body temperature.
Simultaneous Expression
Because the vibration motor is made of a composite material, it is difficult to calculate the thermal conductivity of the material. Since the thermal conductivity and thermal capacity of the vibration motor are not known, the formula for calculating the contact temperature is used [Ho, 2018] . In Eq. (1) , is the contact temperature, ( ) 1/2 is the contact coefficient, and T is the initial temperature of the hand and the object, respectively. Since we know the graph that the temperature of the object rises and the temperature of the hand decreases with time, the approximate contact coefficient of the vibration motor was calculated by estimating the convergence of the two graphs.
Then, the temperature difference-heat energy equation between the motor and the hand was established to calculate the rate of change of temperature to represent the material by substituting the value of heat energy per second lost when touching the tool of different materials. Figure 1 and the surface temperature of the vibration motor in Figure 2 are graphs that converge for each contact temperature. The contact coefficient of the vibration motor is the lowest of all the tools tested at 0.54 / 2 0.5 . Because of the low contact coefficient, very low temperatures must be provided to endothermic heat energy levels corresponding to other materials.
Validation and Discussion
The surface temperature of the vibration motor to express the thermal energy of the object was calculated and the verification of the temperature change rate through the thermoelectric element is required. The contact coefficient of the vibration motor was very low, and the experiment was performed to represent the surface temperature of the thermoelectric element by the hourly temperature graph of acryl. The thermoelectric elements were Peltier and Arduino Uno was used to control the thermoelectric temperature. Since the Peltier device consumes a lot of power, it uses a power supply and controls the temperature through the power intensity with Arduino's PWM function to control the device's temperature. The circuit of the Peltier-temperature sensor is constructed.
Figure 3: Surface Temperature Verification of Acrylic Reproduced by Peltier Device
The temperature sensor of the Peltier device was measured every 0.1 seconds by contacting the temperature sensor with the Peltier device. The power supply cycle was adjusted by comparing the measured value with the temperature change of other materials. The experimental tool was chosen as acrylic with the lowest temperature difference, and the experiment was conducted three times with thermoelectric element to see how accurately the temperature of acrylic can be reproduced. As shown in Figure 3 , the mean of the deviations for the experiments 1, 2, and 3 were -0.003, 0.278, and 0.001, respectively, and the variances were calculated as 0.119, 0.485, and 0.079, respectively. The largest difference in the three experiments is 0.77 ° C and the smallest difference is -1.19 ° C. When converted into thermal energy, the spring receives about 0.002J more energy and less about 0.0064J energy. Considering that the conditions necessary for the classification of objects are more than four times the heat capacity or more than 80 times the difference in thermal conductivity, the difference is hardly considered to be significant [Jones, 2009] .
